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Description 

The present invention relates to alkali-free glasses which are suitable as substrate glasses for various displays or 
photomasks and which are essentially free from alkali metal oxides and can be formed by float process, and flat panel 
. 5 displays employing them. 

Heretofore, the following properties have been required for substrate glasses for various displays, particularly for 
the one intended to form a thin film of a metal or oxide on its surface. 

(1) They are essentially free from alkali metal oxides. If an alkali metal oxide is contained, the alkali metal ion tends 
10 to diffuse in the thin film, whereby the film properties will deteriorate. 

(2) They have high strain points, so that when they are exposed to a high temperature during the process for forming 
a thin film, deformation of the glass and shrinkage due to stabilization of the glass structure are suppressed to the 
minimum levels. 

(3) They have adequate chemical durability against various reagents to be used for forming semiconductors. Par- 
rs ticularly, they have durability against hydrofluoric acid used for etching SiO x or SiN x or against a buffered hydrofluoric 

acid (BHF) containing ammonium fluoride and hydrofluoric acid as the main components. 

(4) They have no internal or surface defects (such as bubbles, striae, inclusions, pits or scratch marks). 

At present, Corning code 7059 glass is widely employed as a substrate glass for various displays or photomasks. 
20 However, this glass has the following deficiencies for displays. 

(1) The strain point is as low as 593°C, and preliminary heat treatment to reduce the shrinkage of glass has to be 
carried out prior to a process for preparing the displays. 

(2) The amount of elution into hydrochloric acid used for etching a metal electrode or a transparent conductive film 
25 (such as ITO) is substantial, and the eluted substance tends to recrystallize during the process for preparing displays, 

whereby it becomes difficult to prepare the displays. 

In addition to the above requirements, the following two points have been additionally required along with the trend 
for large sized displays in recent years. 

30 

(1 ) The above-mentioned code 7059 glass has a density of 2. 76 g/cc, and a glass having a smaller density is required 
to meet a requirement for light weight. 

(2) The above code 7059 glass has a coefficient of thermal expansion of 46 x 1 0" 7 /°C, and a glass having a smaller 
coefficient of thermal expansion is required to increase the rate of temperature increase for the preparation of dis- 
ss plays and thus to increase the throughput. 

With respect to B2O3. U.S. Patent 4,824,808 discloses a glass product containing from 20 to 23 cation % of B2O3, 
but the amount of B2O3 is so large that the strain point is not sufficiently high. Japanese Unexamined Patent Publication 
No. 281041/1 986 discloses a product containing from 0.1 to 4 wt% of B2O3, Japanese Unexamined Patent Publication 
40 No. 175242/1992 discloses a product containing from 0.1 to 5 mol% of B2O3. and U.S. Patent 5,244,847 discloses a 
product containing from 0 to 3 wt% of B 2 0 3 . However, in each of them, the amount of B2O3 is so small that the durability 
against BHF is not sufficient. 

With respect to BaO, U.S. Patent 5,348,916 discloses a glass product containing from 10 to 20 wt% of BaO, U.S. 
Patent 4,994,415 discloses a product containing from 10 to 22 wt% of BaO, and Japanese Unexamined Patent Publi- 
cs cation No. 1 69953/1 984 discloses a product containing from 1 5 to 40 wt% of BaO. However, in each of them, BaO is so 
large that the coefficient of thermal expansion is large, and the density is high. 

With respect to MgO, Japanese Unexamined Patent Publication No. 132536/1986 discloses a glass product con- 
taining from 6.5 to 12 wt% of MgO, U.S. Patent 4,501,819 discloses a product containing from 5 to 15 wt% of MgO, 
Japanese Unexamined Patent Publication No. 71540/1985 discloses a product containing from 5 to 17 wt% of MgO, 
so and Japanese Unexamined Patent Publication No. 42246/1985 discloses a product containing from 10 to 25 mol% of 
MgO. However, such glass containing a large amount of MgO tends to undergo phase separation. 

With respect to CaO, Japanese Unexamined Patent Publication No. 176332/1988 discloses a glass product con- 
taining from 1 1 to 25 wt% of CaO, U.S. Patent 3,207,315 discloses a product containing from 7 to 20 mol% of CaO, 
Japanese unexamined Patent Publication No. 133334/1990 discloses a product containing from 8 to 15 wt% of CaO, 
55 Japanese Unexamined Patent Publication No. 174336/1991 discloses a product containing from 7 to 12 wt% of CaO. 
Japanese Unexamined Patent Publication No. 40739/1994 discloses a product containing from 10 to 12 wt% of CaO, 
and U.S. Patent 5,387,560 discloses a product containing at least 18 cation % of CaO. However, if CaO is contained in 
a large amount, the coefficient of thermal expansion tends to be too large. 
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With respect to A^. Japanese Unexamined Patent Publication No. 236631/1986 discloses a glass product con- 
taining from 22.5 to 35 wt% of M& 3 . but the amount of A* 2 0 3 is so large that elution to a chemical reagent such as 
hydrochloric acid is substantial. 

With respect to PzOs. Japanese Unexamined Patent Publications No. 261232/1986 and No. 1 1 543/1988 disclose 
5 those containing P^D 5 . However, they are not desirable, since they tend to deteriorate the semiconductor properties of 

th ' n Further glass having a strain point of at least 640"C and a relatively small coefficient of thermal expansion is dis- 
closed in Japanese Unexamined Patent Publication No. 160030/1992 or US. Patent 5.374,595. However, such glass 
contains a substantial amount of BaO as an essential element, whereby it is difficult to satisfy the requirements for low 
10 density and small thermal expansion coefficient simultaneously. Accordingly, it does not fully satisfy the demand of the 
age for large sized panels. 

It is an object of the present invention to solve the above drawbacks and to provide alkali-free glasses which have 
strain points of at least 640<>C and small coefficients of thermal expansion and are free from forming of turbidity by BHF 
and which are excellent in the durability against reagents such as hydrochloric acid, are easy to melt and shape and 
is can be formed by float process. : . 

The present invention provides an alkali-free glass comprising of from 60 to 73 mol% of Si0 2 . from 5 to 16 mol A 
of A^zOs from 5 to 12 mol% of B 2 0 3 , from 0 to 6 mol% of MgO. from 0 to 9 mol% of CaO. from 1 to 9 mol% of SrO. 
from 0 to less than 1 mol% of BaO, and from 7 to 18 mol% of MgO+CaO+SrO+BaO and having strain point of at least 

20 The alkali-free glasses of the present invention are essentially free from alkali metal oxides (such as NajO or KzO). 
Specifically, the total amount of alkali metal oxides is preferably not higher than 0.5 wt%, more preferably not h.gher than 
0 2 wt% 

Now. the reasons for defining the compositional ranges of the respective components as mentioned above, will be 
dsscrib©d 

25 If the content of Si0 2 is less than 60 mol%. it tends to be difficult to increase the strain point sufficiently, and the 
chemical durability tends to deteriorate and the coefficient of thermal expansion tends to increase: If it exceeds 73 mol% 
the melting property tends to be poor, and the liquidus temperature tends to increase. Preferably. Si0 2 is from 66 to 70 

m °' A* 2 0 3 suppresses phase separation of glass, reduces the coefficient of thermal expansion and increases the strain 

ao point. If its content is less than 5 mol%. no adequate effects can be obtained, and if it exceeds 16 mol%. the melting 
property of glass tends to be poor. Preferably, A/ 2 0 3 is from 9 to 14 mol%. 

B 2 0 3 serves to prevent formation of turbidity by BHF and is effective to lower the coefficient of thermal expansion 
and the density without increasing the viscosity at a high temperature. If its content is less than 5 mol%. the BHF property 
tends to deteriorate, and if it exceeds 1 2 mol%. the acid resistance tends to deteriorate, and the strain point tends to be 

35 low. Preferably. B^ is from 6 to 9.5 mol%. 

MgO is not essential but may be contained, as it lowers the coefficient of thermal expansion without lowering the 
strain point, among alkaline earth metal oxides. If its content exceeds 6 mol%, turbidity by BHF or phase separation of 
glass tends to occur. Preferably, MgO is from 1 to 5 mol%. 

CaO is not essential, but by its incorporation, it is possible to improve the melting property of glass. On the other 

40 hand, if it exceeds 9 mol%. coefficient of thermal expansion tends to be large, and the liquidus temperature tends to be 
high. Preferably. CaO is from 1 to 6 mol%. fc i 

SrO is contained at least 1 mol%. since it serves to suppress phase separation of glass and is a relatively useful 
component against turbidity by BHF. If the content exceeds 9 mol%. the coefficient of thermal expansion tends to 
increase. Preferably, SrO is from 2 to 8 mol%. 

45 BaO is a component which is effective for suppressing phase separation of glass, for improving the melting property 
and for suppressing the liquidus temperature. However, if its content is 1 mol% or more, the density tends to be high 
and the coefficient of thermal expansion tends to increase. With a view to reducing the density and the coefficient of 
thermal expansion, its content is preferably not higher than 0.5 mol%. more preferably, it is not substantially contamed 
except for the amount contained as an impurity. 

so If the total amount of MgO+CaO+SrO+BaO is less than 7 mol%. the melting tends to be difficult. If the total amount 
exceeds 15 mol%. the density tends to be high. Preferably, the total amount is from 9 to 16 mol%. 

In recent years. TFT of polycrystalline silicon (poly-Si) has been proposed and employed against TFT of amorphous 
silicon (a-Si) which has already been commercialized and used for liquid crystal display devices. TFT of poly-S. has 
merits such that (1 ) since the mobility of transistor can be increased, the control time per pixel can be shortened, whereby 

55 high precision of LCD can be accomplished. (2) it becomes possible to mount driving ICs along the periphery of the 
picture surface. On the other hand, however, intensive heat treatment (such as at a temperature of from 500 to 600°C 
for few hours) is required in the process for its preparation. At such a high temperature, impurities in glass tend to diffuse 
into TFT to increase leak current, deteriorate TFT characteristics and make it difficult to prepare high precision TFT. The 
most problematic among such impurities is phosphorus. Therefore, in the present invention. P is preferably controlled 
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to be at most 20 atomic (cation) ppm, since it tends to bring about a drawback that phosphorus diffuses into TFT by the 
heat treatment to increase leak current and deteriorate the TFT characteristics. 

In the glass of the present invention, in addition to the above components, ZnO, SO3, F and C£ may be incorporated 
in a total amount of at most 5 mol%. in order to improve the melting property, the clarity and the forming property of the 
5 glass. 

Further, if PbO, As 2 0 3 or Sb^ is contained, a number of steps will be required for treatment of glass cullet. There- 
fore, it is preferred that no such a component is incorporated except for an amount unavoidably included as an impurity. 

Thus, a glass composition according to a preferred embodiment of the present invention comprises of from 66 to 
70 mol% of Si0 2 , from 9 to 14 mol% of A*20 3 . from 6 to 9.5 mol% of B 2 0 3 , from 1 to 5 mol% of MgO, from 1 to 6 mol% 
10 of CaO. from 2 to 8 mol% of SrO, and from 9 to 16 mol% of MgO+CaO+SrO and essentially free from BaO. 

The glass of the present invention has a strain point of at least 640°C. The strain point is preferably at least 650°C. 
The coefficient of thermal expansion is preferably less than 40 x 10~ 7 /°C, more preferably from 28 to 40 x Kr 7 /°C. The 
density is preferably less than 2.60 g/cc, more preferably less than 2.55 g/cc, most preferably less than 2.50 g/cc. 

The glass of the present invention can be prepared, for example, by the following method. Namely, raw materials 
15 of the respective components which are commonly used, are blended to obtain a desired composition, which is contin- 
uously introduced into a melting furnace, and melted at a temperature of from 1600 to 1650°C. This molten glass is 
formed into a sheet having a predetermined thickness by float process, and the sheet is annealed and then cut. A glass 
sheet thus obtained may be used as one of the pair of substrates constituting a cell for flat panel displays. 

20 EXAMPLES 1 to 32 

Raw materials for the respective components were mixed to have the desired composition and melted at a temper- 
ature of from 1600 to 1650°C by means of a platinum crucible. During the melting, a platinum stirrer was used for stirring 
to homogenize the glass. Then, the molten glass was cast and formed into a sheet, followed by annealing. 

25 In Tables 1 to 4, the glass compositions thus obtained as well as the coefficients of thermal expansion, high tem- 
perature viscosities, liquidus temperatures, strain points, densities, acid resistance and BHF resistance, are shown. 
Examples 1 to 25 and 28 to 31 are Examples of the present invention, and Examples 26, 27 and 32 are Comparative 
Examples. In Examples 28 to 32, the content of phosphorus (atomic (cation) ppm) and the leak current representing 
the TFT characteristics are also given. The coefficient of thermal expansion is represented by a unit of 10~ 7 /°C. The 

30 high tenrperature viscosity is represented by a temperature (unit: °C) at which the viscosity became 10 2 or 10 4 poise. 
The liquidus temperature and the strain point are represented by a unit of °C, and the density is represented by a unit 
of g/cc. The strain point was measured in accordance with JIS R31 03. 

The acid resistance is represented by the weight loss per unit area (unit: mg/cm 2 ) after immersion for 20 hours in 
0. 1 N HCt at 90'C. The acid resistance is preferably not more than 0.3 mg/cm2, more preferably not more than 0.2 mg/cmz. 

35 The BHF resistance is represented by the weight loss per unit area (unit: mg/cm 2 ) after immersion in a NH4F/HF 
mixed solution (a solution having a 40 wt% NH 4 F aqueous solution and 50 wt% of HF aqueous solution mixed in a 
volume ratio of 9:1 ) at 25°C for 20 minutes. The BHF resistance is preferably not more than 0.7 mg/cm 2 , more preferably 
not more than 0.6 mg/cm 2 . 

With respect to the leak current, poly-Si TFT with an electrode length of 10 Jim was formed on a glass substrate, 
40 and the leak current (unit: pA) was measured at a gate voltage of -5V, a source voltage of 0V and a drain voltage of 
+1 0V. The leak current is preferably not more than about 50 pA. 

Glasses of Examples 1 to 25 and 28 to 31 show a low coefficient of thermal expansion of from 30 x 10" 7 to 40 x 
10~ 7 /°C and a high strain point of at least 640°C and thus adequately durable against heat treatment at a high temper- 
ature. Their densities are less than 2.60 g/cc and far less than 2.76 g/cc of Corning code 7059 glass. Also with respect 
45 to the chemical characteristics, turbidity scarcely forms by BHF, and they are excellent also in the acid resistance. The 
temperature corresponding to 10 2 poise which is an index of meltability, is relatively low, thus indicating that the melting 
is easy, and the relation between the liquidus temperature and the temperature corresponding to 10 4 poise which is an 
index for the forming property, is excellent, thus indicating no possibility of a trouble such as devitrification during the 
forming. 

so On the other hand, in Examples 26 and 27 wherein the compositions are outside the scope of the present invention, 
the coefficients of thermal expansion are large, and the densities are relatively large. In Examples 32, the content of 
phosphorus is large, whereby the leak current is substantial. 
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Table 1 



5 



10 



20 



Example No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Si0 2 mol% 


65.0 


68.0 


69.0 


67.0 


66.0 


68.0 


69.0 


67.0 


66.0 


M 2 Oz 


12.0 


11.0 


11.0 


13.0 


10.0 


11.0 


11.0 


12.0 


14.0 


B9O1 


8.0 


8.0 


8.0 


8.0 


8.0 


8.0 


9.0 


9.0 


9.0 


MaO 


3.0 


2.0 


0.0 


1.0 


5.0 


0.0 


4.0 


4.0 


2.0 




6 0 


55 


4.0 


5.5 


7.0 


6.0 


3.5 


3.5 


5.0 




6.0 


5.5 


8.0 


5.5 


4.0 


6.2 


3.5 


3.7 


4.0 


Daw 


0.0 


0.0 


0.0 


0.0 


0.0 


0.8 


0.0 


0.8 


0.0 


IVjy w+OdwrOl UtDdv 


1S 0 


13.0 


12.0 


12.0 


16.0 


13.0 


11.0 


12.0 


11.0 


Hnpffiriprif of thermal 


39 


35 


37 


36 


39 


39 


32 


33 


33 


expansion (x 1Q~ 7 /°C) 




















High temperature viscosity 




















102 poise (°C) 


1630 


1730 


1750 


1730 


1660 


1730 


1750 


1740 


1710 


1 0 4 poise (°C) 


1260 


1340 


1350 


1340 


1260 


1340 


1320 


1310 


1320 


Liquidus temperature (°C) . 


1240 


1310 


1330 


1310 


1260 


1340 


1300 


1280 


1320 


Strain point (°C) 


650 


660 


660 


670 


640 


655 


670 


670 


680 


Density (g/cc) 


2.56 


2.48 


2.49 


2.48 


2.50 


2.53 


2.40 


2.46 


2.44 


Acid resistance (mg/cm2) 


0.18 


0.10 


0.07 


0.15 


0.13 


0.11 


0.12 


0.15 


0.20 


BHF resistance (mg/cm2) 


0.61 


0.48 


0.47 


0.47 


0.50 


0.50 


0.48 


0.51 


0.53 



35 



40 



45 



50 
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Table 2 





Example No. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


5 


Si0 2 mol% 


66.0 


72.0 


68.0 


69.0 


68.0 


68.0 


70.0 


65.0 


68.0 




A/ 2 0 3 


11.0 


9.0 


12.0 


11.0 


12.0 


10.0 


9.0 


13.0 


11.0 




B 2 0 3 


9.0 


11.0 


10.0 


7.0 


7.0 ! 


7.0 


7.0 


7.0 


6.0 


10 


MgO 


1.0 


0.0 1 


0.0 


4.3 


2.6 


2.5 


2.5 


3.0 


3.0 




CaO 


7.0 


4.0 


5.0 


4.3 


5.2 


7.0 


4.5 


5.0 


6.0 




SrO 


6.0 


4.0 | 


5.0 


4.3 


5.2 


5.5 


7.0 


7.0 


6.0 




BaO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


15 


MgO+CaO+SrO+BaO 


14.0 


8.0 


10.0 


13.0 


13.0 


15.0 


14.0 


15.0 


15.0 




Coefficient of thermal 






















expansion (x KT 7 /°C) 


39 


31 


33 


33 


35 


39 


38 


38 


38 


20 


High temperature viscosity 






















10 2 poise (°C) 


1700 


1810 


1740 


1730 


1710 


1700 


1730 


1640 


1720 




10 4 poise (°C) 


1290 


1370 


1340 


1340 


1340 


1320 


1350 


1300 


1310 


25 


Liquidus temperature (°C) 


1250 


1310 


1300 


1340 


1320 


1320 


1350 


1300 


1300 


Strain point (°C) 


640 


640 


640 


680 


680 


665 


660 


660 


685 




Density (g/cc) 


2.52 


2.38 


2.44 


2.46 


2.48 


2.52 


2.51 


2.55 


2.53 




Acid resistance (mc/crr*) 


0.13 


0.22 


0.28 


0.07 


0.09 


0.06 


0.06 


0.08 


0.06 


30 


BHF resistance (mg/cm2) 


0.50 


0.45 


0.47 


0.52 


0.53 


0.56 


0.53 


0.58 


0.54 



35 



40 



45 



50 



55 
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5 



25 



30 



Table 3 








Example No. 


19 


20 


21 


22 


23 


24 


25 


26 


27 


Si0 2 mol% 


67.0 


66.0 


69.0 


69.0 


68.0 


70.0 


68.0 


67.0 


67.0 


A/2O3 


13.0 


14.0 


12.0 


11.0 


13.0 


12.0 


11.0 


11.0 


11.0 


B 2 0 3 


6.0 


6.0 


5.0 


8.0 


7.0 


9.0 


6.0 


8.0 


8.0 


MgO 


2.0 


2.0 


2.0 


2.0 


4.0 


1.0 


2.0 


2.0 


2.0 


CaO 


6.0 


8.0 


6.0 


4.6 


4.6 


3.6 


5.6 


5.0 


5.0 


SrO 


6.0 


4.0 


6.0 


5.0 


3.0 


4.0 


7.0 


2.0 


4.0 


BaO 


0.0 


0.0 


0.0 


0.4 


0.4 


0.4 


0.4 


5.0 


3.0 


MaO+CaO+SrO+BaO 


14.0 


14.0 


14.0 


12.0 


12.0 


9.0 


15.0 


14.0 


14.0 


Coefficient of thermal 


37 


37 


37 


35 


32 


31 


39 


41 


40 


pxoansion fx 10~ 7 /°C) 




















Winh tpmnpr^turp viscositv 




















102 poise (°C) 


1750 


1750 


1770 


1740 


1720 


1780 


1720 


1690 


1690 


10 4 poise (°C) 


1320 


1320 


1340 


1330 


1340 


1350 


1310 


1290 


1290 


Liquidus temperature (°C) 


1300 


1300 


1340 


1300 


1280 


1300 


1300 


1250 


1260 


Strain point ( 9 C) 


695 


700 


710 


670 


685 


675 


670 


670 


670 


Density (g/cc) 


2.52 


2.50 


2.52 


2.47 


2.45 


2.41 


2.56 


2.60 


2.57 


Acid resistance (mg/cm2) 


0.06 


0.06 


0.05 


0.12 


0.07 


0.14 


0.06 


0.08 


0.08 


BHF resistance (mg/cm2) 


0.56 


0.57 


0.59 


0.44 


0.54 


0.46 


0.55 


0.55 


0.53 
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40 



45 
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Table 4 





Example No. 


28 


29 


30 


31 


32 


5 


Si0 2 mol% 


69.0 


66.0 


69.0 


69.0 


69.0 




A/2O3 


13.0 


13.0 


13.0 


13.0 


13.0 




B 2 0 3 


7.0 


7.0 


7.0 


7.0 


7.0 


10 


MgO 


2.0 


2.0 


2.0 


2.0 


0.0 




CaO 


0.0 


2.0 


4.0 


6.0 


11.0 




SrO 


9.0 


7.0 


5.0 


3.0 


0.0 




BaO 


0.0 


0.0 


0.0 


0.0 


0.0 


15 


MgO+CaO+SrO+BaO 


11.0 


11.0 


11.0 


11.0 


11.0 




Coefficient of thermal 


34 


34 


33 


32 | 


33 




expansion (x 10~ 7 /°C) 












20 


High temperature viscosity 














102 poise (°C) 


1740 


1740 


1740 


1750 


1750 




10* poise (°C) . 


1350 


1350 


1350 


1350 


1350 


« 


Liquidus temperature (°C) 


1300 


1300 


1300 


1300 


1300 


Strain point (°C) 


690 


690 


690 


690 


690 




Density (g/cc) 


2.49 


2.47 


2.45 


2.42 


2.40 




Acid resistance (mg/cmZ) 


0.05 


0.05 


0.05 


0.05 


0.05 


30 


BHF resistance (mg/cmZ) 


0.55 


0.54 


0.54 


0.53 


0.52 




Content of phosphorus (atomic 


0 


4 


8 


12 


22 




ppm) 












35 


Leak current (pA) 


2 


8 


15 


30 


90 



The glass of the present invention can be formed by float process, and it is resistant against formation of turbidity 
by BHF and has excellent acid resistance, high heat resistance and a low coefficient of thermal expansion. Therefore, 
40 it is suitable for display substrates or photomasks substrates. Since the density is very low, it is particularly suitable for 
large size flat panel displays. 

Claims 

45 1. An alkali-free glass comprising of from 60 to 73 mo!% of Si0 2 , from 5 to 16 mol% of A/2O3. from 5 to 12 mol% of 
B 2 0 3 , from 0 to 6 mol% of MgO, from 0 to 9 mol% of CaO, from 1 to 9 mol% of SrO, from 0 to less than 1 mol% of 
BaO, and from 7 to 18 mol% of MgO+CaO+SrO+BaO and having a strain point of at least 640°C. 

2. The alkali-free glass according to Claim 1, which contains substantially no PbO, AS2O3 or Sb 2 0 3 . 

50 

3. The alkali-free glass according to Claim 1 , which has a density of less than 2.60 g/cc. 

4. The alkali-free glass according to Claim 1, which has a coefficient of thermal expansion of less than 40 x 10" 7 /°C. 

55 5. The alkali-free glass according to Claim 1 . wherein the content of P 2 0 5 is not more than 20 ppm in mol. 

6. The alkali-free glass according to Claim 1 , which comprises of from 66 to 70 mol% of Si0 2 , from 9 to 14 mol% of 
A/ 2 0 3 , from 6 to 9.5 mol% of B2O3, from 1 to 5 mol% of MgO, from 1 to 6 mol% of CaO, from 2 to 8 mol% of SrO, 
and from 9 to 16 mol% of MgO+CaO+SrO and which contains substantially no BaO. 
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7. The alkali-free glass according to Claim 6, which has a strain point of at least 650°C. 

8. The alkali-free glass according to Claim 6, which has a density of less than 2.55 g/cc. 

9. A liquid display panel comprising a pair of substrates constituting a cell, wherein at least one of the substrates is 
made of the alkali-free glass as defined in Claim 1. 

10. A liquid display panel comprising a pair of substrates constituting a cell, wherein at least one of the substrates is 
made of the alkali-free glass as defined in Claim 6. 
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